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Tém tit:

Nghién ciru dé xudt mot phwong phdp ky thudt thong nhdt nham tich hop cdc trang thdi kj thudt trong cing
mét mé hinh danh gid, bao gom: (1) thiét ké theo ASME; (2) kiém chirng theo TCVN8366; (3) mé phong bang
ANSYS va (4) gidm sdt phat xa ém. Binh khi 2m? thudc Cong ty Tan Quoc Diing dwoc liwa chon lam mé hinh
chudn d@é xdy dyng va kiém chitng phirong phdp, sau @6 mo réng 13 binh khi ¢6 dung tich tiv Im?® dén 20m?, ciing
sur dung cira nguwoi chui elip (405 %315mm). Két qua cho thay, img sudt twong dwong duy tri thdp hon iing sudt
cho phép tai cd ap sudt thiét ké (16bar) va dp sudt thir thity hec (24bar). Két qua mé phong phat xa ém phix hop
Véi cdc tinh toan diea trén ASME va mé phong phan tir hitu han bang ANSYS, khong ghi nhdn bang chimg déang
ké vé sw phat trién khuyét tdt trong qud trinh thir dp. Phuong phdp dwoc dé xudt tao co sé cho danh gid rii ro
két cau, duw bdo tudi tho va phdt trién cdc hé thong song sinh s6 cho ho binh khi trong twong lai.

Tw khéa: cira nguoi chui, manhole, Acoustic Emission, TCVN 8366:2010, ASME, ANSYS

A unified improved manhole design for a family of 1 - 20 m? gas pressure vessels:
Integration of ASME, TCVN 8366:2010, FEM simulation, and acoustic emission
monitoring

Abstract:

This study proposes a unified engineering methodology integrating four components: ASME-based design,
verification under TCVN 8366:2010, ANSYS finite element simulation, and acoustic emission monitoring.
A 2 m? gas pressure vessel was selected as the reference model and the methodology was subsequently extended
to a family of 13 vessels ranging from 1 to 20 m’, all using the same 405 x 315 mm elliptical manhole. The results
show that equivalent stress remains below the allowable stress under both the 16-bar design pressure and the
24-bar hydrostatic test pressure. Acoustic emission results are consistent with ASME-based calculations and ANSYS
simulations, with no significant evidence of defect development during pressure testing. The proposed approach
provides a basis for structural risk assessment, remaining-life prediction, and future digital-twin development.
Keywords: manhole, acoustic emission, TCVN 8366:2010, ASME, ANSYS
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1. Dit van dé

Binh khi 14 thiét bi quan trong trong cic nganh dau khi, hoa chat,... Do lam viéc trong diéu kién ap suét
cao, cac thiét bj nay luén duoc yéu cu dap ung déng thoi céc tiéu chi vé do bén, do kin, tudi tho va an
toan van hanh. Trong thuc té, qua trinh thiét ké va ché tao binh khi chu yéu dya trén ASME2024, trong khi
qua trinh kiém dinh va nghiém thu tai Viét Nam duogc thyc hién theo TCVN 8366:2010. 2 hé tiéu chuin
nay da dugc sir dung rong rii va dong vai tro nén tang trong thiét ké, ché tao va danh gia an toan binh khi.
Phuong phéap phén tir hitu han d3 tro thanh cong cu quan trong dé phén tich phan b truong tmg suét tai
ctra nguoi chui, ddu ndi va cac vi tri chuyén tiép hinh hoc.

Acoustic Emission (AE) 1a mot ky thuat kiém tra khong pha hay cho phép theo ddi truc tiép trang
thai 1am viéc cuia két cAu thong qua cac song dan hdi phat sinh khi vat liéu giai phong ning lugng dudi
tac dung cua tai trong, (Naber, 2026), (Hamstad, 2003), (Nakamura, 2023). AE c6 kha nang giam sat
binh khi trong qué trinh thir 4p va van hanh, gop phan nang cao dé tin cy cta danh gia an toan. Bai bao
dé xuit mot phuwong phap k¥ thuat thong nhéat cho ho binh khi c¢6 dung tich tir Im3 dén 20m?® (D3 Toan
2025). Binh chuan 2.000 lit duoc lya chon lam mé hinh tham chiéu dé xay dung Mo hinh trang thai k¥
thudt, trong do trang thai lam viéc cua binh dugc mo ta théng nhat bﬁng céac dai lugng co hoc va tin
hiéu giam sat. Cac két qua thiét ké theo ASME, kiém chung theo TCVN, mé phong FEM, (N. V. Phai,
2003), (N. L. Ding, 1993) va giam sat AE dugc xem nhu cac hé quan sat doc 1ap cua cung mdt trang
thai ky thuat. Hinh 1. Phuong phdp tich hop cdc trang thai kj thugt

cho binh khi 2.000 lit

~

2. M hinh trang thai ky thuét

bé xuat phuong phap tich hop cac trang Yéu ciu thiét ki 16bar,
ip lam vide 13-14 bar (khi)

thai k¥ thuat trong cung mét moé hinh, theo
Hinh 1.

J

~ —
Thiét ké ASME /
GASME<[o] Ve

3. Kiém chirng phwong phap ky thuat
v6i binh khi 2m?

Kiém chimg TCVN-8366:2010

3.1. Cdc théng sé co ban ciia binh khi
2m?

Déi véi binh chuan 2.0527 m® ~ 2m?, D =
1132 mm, H=1500 mm, Manhole (405x315)
mm duoc cai tién tir ty 1€ (bxa=2x1), chiéu

cvonMises < [¢]

P
&
T
-
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Ap suit thi 24bar (nwéc) - P — 1
Hydrotest=Pass P4 (3 i
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)

g

Giam sat lung phit dm I 1
AE<A-Ecritical

cao tir tim manhole dén dai duéi cta than
tru binh khi Ia h = 400 mm, theo Hinh 2.

3.2. Tinh co hoc ciia binh khi (A36) va

Manhole cai tién:

N
Mb hinh lralg !lullq thuit -

(
[
[
[ FEM/ANSYS
[
t
[

ASI\EPTCVNHFE\W&E ) ot | |

M6 dun dan hoi (Young's modulus): E =200 [Gpa]
Hé s6 Poisson: v=0.3

Khdi lugng riéng: p= 7850 [kg/m?]
Do bén kéo, cyc dai: 400-550 [Mpal]
Gidi han chay (Yield Strength): 250 Mpa
Hé sb an toan: n=2

Ung suét cho phép [o] = 345/2= 125  [Mpa]
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Két qua tir B4 Toan (2025) cho thiy: Hinh 2. Manhole cdi tién

(*). Vi tai trong 16 bar (Design Pressure): (ng (405%315) mm
sudt 16n nhit cua binh khi tinh theo von Mises 1a
71 Mpa < [c] = 125 Mpa. Binh khi an toan vé stic
bén vat liéu.

(*). Vuot tai dat 24 bar (=1.5 x 16 bar): tmg sudt
16n nhét cua binh khi tinh theo von Mises 1a 106
Mpa < [c]= 125 Mpa. Binh khi an toan vé sitc bén
vat liéu, theo Hinh 3.

Tham sé thiét ké chinh: D (duong kinh), H
(chiéu cao than), t (chiéu day), axb (kich thudc cira

nguoi chui). Hinh 3. Két qud iing sudt I6n nhit von Mises dat 106

Thé tich phan than try binh khi: Mpa tir ANSYS
2
y - Dy (1)
‘ 4
Thé tich phan chom:
v =2 )
3
Thé tich tong cong binh khi
V=V +2V, 3)

3.3. Thiét ké theo tiéu chuian ASME
DP6i véi than tru chiu ap suét trong, ASME

BPVC Section VIII Division:
,___ PR 4)
SE - 0.6P

trong do:

- t: chiéu day tdi thiéu yéu ciu cua than binh (mm)

- P: ap suat thiét ké (MPa)

- R: ban kinh trong cta than binh (mm)

- S: rng sudt cho phép cia vat lidu tai nhiét d6 thiét ké (MPa)

- E: hé 6 hiéu suat mdi han

3.4. Kiém chirng theo tiéu chuan TCVN-8366:2010

Ap suét thir

P, =1.5P (35)

3.5. M6 phong FEM/ANSYS

Ung Suit vonMises, theo cong thuc:

%™ Oym ™ ¢;[(01 — 062 + (02— 03)° + (03— 01)’ | ) < [o] (6)

o, : ung suat tuong duong; o, : mg suat Von Mises; o, , 0,, o,: 1an lugt 1a cac tng suat chinh;

td M 17

[6] : ung suét cho phép.
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3.6. M6 phong giam sdt phdt xa dm theo AE
Trong vét ran, séng AE thoa:

2
o u =V.o+f (7)
or’
Va phuong trinh song la:
Ou_ AV (8)
or2

Ghi chta: ASME tao ra kich thudc hinh hoc binh khi va trang thai thiét ké; FEM tao ra két qua
truong (ng suat; trudng Gng suit quyét dinh ngudn phat AE; AE tré thanh giam sat cia mo hinh trang
thai k¥ thuat.

Trong bai bdo ndy, m hinh trang thai k¥ thuat tir so d6 Hinh 1 dwgc dung 1ap trinh bang code python,
voi 06 vi tri chon lya theo phat am la: P1 (dinh chom trén), P2 (than trén bén phai), P3 (than trén bén
trai), P4 (bén trdi manhole), P5 (bén phai manhole), P6 (day binh) nhu Hinh 1. Code python Manhole
céi_tién dugc ap dung cho binh khi 2m? va ho binh khi 01m?- 20m?, theo Hinh 4. Code nay con higu
chinh va nang cap trong twong lai, theo huéng nguoi dung (USER).

Hinh 4. Code python theo Manhole cii tién

A TLF Shall 3,13
e Edt Shell Ucnug Ogtors  Window  Help
Python 3.13.1
Typs "help®™, "copyrigat”, "CISGITA" Orf “JiCENAE()™ IOT MOXE ANIOIMATION.
S .
g A Stepll_Corebngine gy - C\Coce python Manhole ol tifn\Stepl_CoreEngnepy (3,131 (.
Mie Edt Fomat Run Optiors  Window  Help
~
§ L
k| L Stepl2 Visualizabian,py - &\Code ovihon Marhole cai ben' Stepl? Visuabzsbon.py (3.13.1) -
$ MASTER MAMHOLE | (A Step02 i X i Al 2. oy | 0
H
| Fle Edit Format Run Qptions Window Help
HANHOLE = A
¥
"Hame=: "M3",| ¥
# OUICK TEST
"2 mn: 315.0) 1
' .
"o mn”; 405.0 A Stepl3_EngineeringAssessment,py - C:\Code_mython_Manhole_cai_fign\Stepl3_EngneerngA..
det quick_test(): 4
" et £30.0 file Edit Format Run Options Window Help
- 1oy (FROJECT _NRIE) return data
b
print (HODULE_NIME) § - i o
TR — $ Gecmetry Report
¢ DESIGN DATA princ ("Veraion :*, VERSICH) F L ——
¥
prepaze_output (| del geometry_report |df):
DESIGN = ( R
df = load dataset|) log("GECMETRY ENGINE")
"Fressure NP3
log ("DATASET FREVIEN") columnz = [
"RllovablaSty r"'“:-'—n-_:-llr
print (df.head(}) Talpha”,
"JoinsEfficie "Deta”,
print (} “Garma" ,
"CorroalonAl |l "HeadRatio®,
printc ("Visualization Engine Red neas®,
; zDeviaticn_percent”,
L R e e
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Bing 1. Két qua kiém chirng cho binh khi 2m?

Thir tw Phwong phap Két luan
1 ASME Dat yéu cau thiét ké
2 TCVN 8366:2010 Dat y&u cau ché tao va thtr ap suét khi
3 ANSYS/FEM Pat
4 Thir tai ap suat nwéc Pat yéu cau thi» ap suét nwéc
5 AE: P1, P2, P3, P4, P5, P6 | Khong phat hién ngudn phat am bét thwdng tai clra ngudi chui

Do vay: Cira ngudi chui phit hop cho binh khi chudn 2.0527m? ~ 2m?, theo Bang 1.

4. M6 rong cho ho 13 binh khi 01m?- 20m?*:

Trong bai bao nay, c6 5 tham s6 vo thir nguyén ctia mdi binh dugc mé ta nhu sau: (1) Ty 1é chiéu ngin
ctra ngudi chui trén dudng kinh binh a=a/D, (2) Ty 1é chiéu dai ctra ngudi chui trén duong kinh binh
B=b/D, (3) Ty s6 manh cta than binh A=H/D, (4) Ty s6 chiéu day t=t/D, (5) Ty sb khoang cach tir tim cira
nguoi chui dén duong han ndi than-chom {=h/D. Bén canh d0, c6 3 h¢ danh gia doc lap (ASME, ANSYS
FEM va AE) duoc xét tinh hoi tu voi sai sb nam trong giéi han cho phép. Két qua cho thiy, 5 tham sé nim
trong mién an toan; suy ra: 1 cira nguoi chui ¢é kich thude ¢é dinh 405x315mm c6 thé sir dung chung cho
toan bo ho binh, trong Hinh 5 va Hinh 6.

Manbhole céi tién chua ding cho binh khi c6 thé tich nhé hon 01m?, theo Bang 2. Manhole cai tién
chua ding cho binh khi ¢6 thé tich nhé hon 20m?. Truong hop thé tich binh khi 16n, thuat toan dya trén
Code python Manhole cai tién can hiéu chinh lai dé dap tng thiét ké, thir nghiém. Theo thuat toan
nay, cira ngudi chui cai tién phu hop rat t5t cho cac binh khi tir 02m?® dén 10m?. T4t ca binh khi trong
ho 01m3- 20m?; can thir theo diéu kién xuat xuong ctia Cty TNHH SX-TM Tan Qudc Diing, trudc khi
dua vao st dung tai cac Xudng/ Nha may... Vi tri P1, P2, P3, P4, P5, P6 trong phat am Hinh 1b chinh
12 vi tri dat cam bién khi thir nghiém béang ap suit nudc (24bar).

5. Két luan

Bai bao dé xuit phuong phap ky thuat thdng nhat cho ho binh khi sir dung chung ctra ngudi chui-
manhole trén co sé tich hop thiét ké theo ASME, kiém chirng theo TCVN, mé phong phan tir hitu han
va giam sat phat am. Két qua 1a xdy dyng thanh cong mé hinh trang thai k¥ thuat, trong dé cac két qua
tr ASME, TCVN, FEM va Acoustic Emission khong con dugc xem la cac két qua doc lap ma duogc

hop nhat thanh céac hé quan sat cua cung mot trang thai k¥ thuat, duoc cu thé hoa béng chuong trinh

Hinh 5. Ho 13 binh khi véi dung tich 01m3- 06m>, thiét ké ti AutoCAD

'P"-""Q"@'kMQ .V—"‘_—Lﬂ@ IMQ
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Hinh 6. Ho 13 binh khi véi dung tich 07m?- 20m’, thiét ké tir AutoCAD

it
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it M—ﬁ |
7000 Litres 8000 Litres 10.000 Litres 15.000 Litres 20.000 Lires
Bang 2. Két qua tich hgp cho ho binh khi 01m3-20m®
Vm3 D H t h bxa ASME ANSYS AE
01 850 1500 10 300 405x315 Dy doan Dy doan Dy doan
01.26 955 1500 12 400 405x315 Dy doan Dy doan Dy doan
01.5 1050 | 1500 12 400 405x315 Dy doan Dy doan Dy doan
02 1160 | 1500 14 400 405x315 Chuéan Chuéan Chuéan
03 1250 | 2000 14 500 405x315 Dy doan Dy doan Dy doan
04 1450 | 2000 16 500 405x315 Dy doan Dy doan Dy doan
05 1600 | 2000 18 500 405x315 Dy doan Dy doan Dy doan
06 1730 | 2000 18 500 405x315 Dy doan Dy doan Dy doan
07 1600 | 3000 18 500 405x315 Dy doan Dy doan Dy doan
08 1700 | 3000 18 500 405x315 Dy doan Dy doan Dy doan
10 1920 | 2750 20 500 405x315 Dy doan Dy doan Dy doan
15 1920 | 4500 20 500 405x315 Dy doan Dy doan Dy doan
20 1970 | 6000 22 500 405x315 Dy doan Dy doan Dy doan
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du doan, bang code python. Tir day, k§ thuét song sinh sé dwgc hinh thanh nhu ban sao sé phan anh
trang thai thuc ctia binh khi dugc hoan thanh trong tuong lai. Viéc kiém chimg trén binh chuan 2.000
lit cho thiy két qua tinh toan, mé phong va thir nghiém c6 tinh nhat quan cao. Ung suit twong duong
ludn nho hon tng suat cho phép va két qua phat am khong ghi nhan déu hiéu phat trién khuyét tat nguy
hiém, qua d6 x4c nhén tinh dung dan cta giai phap ky thuat. Bai bao cho thiy, kha ning tong quat hoa
ctia m6 hinh khi mé rong thanh cong tir binh chuan 2.000 lit caa Congty TNHH San xuit - Thuong mai
Tan Qudc Diing sang ho mudi ba binh khi ¢6 cing ctra ngudi chui ma khong can thay déi cu tric mo
hinh trang thai k¥ thuat. Diéu nay cho thay giai phap dugc dé xuét c6 kha nang ap dung cho mot ho
thiét bi thay vi chi mot thiét bi don ¢ m
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